The integument of fish are vulnerable because they are composed of living epithelial cells exposed to water, while those of mammals are keratinized to shield the epi dermal tissues from the external environment (Whitear, 1986) . Fish, as aquatic animals, are always exposed to suspended particles such as bacteria, protozoa, sand, and so on. A few of these particles seem to be present in the mucous layer of fish, yet they have not been detected in histology and scanning electron microscopy (Crouse-Eisnor et al., 1985) . Both the mucous film and superficial epithelial cells are thought to play a role in pri mary defense of the fish body surface from particle adherence (Crouse-Eisnor et al., 1985; Trust, 1986; Wood et al., 1986; Speare et al., 1991; Suzuki and Yokote, 1995) . However, the precise mechanism of particle adherence to the body surface is obscure, and there appears to have been no report detailing such mechanism, as far as morphological observations of the whole body surface are concerned.
The aim of the present study is to examine the adherence sites and the distribution of the suspended particles in rainbow trout integuments. Once the fish were fixed in a 4% paraformaldehyde (TAAB Laboratories Co., U. K.) solu tion in 0.1 M phosphate buffer (pH 7.3) for 5 days, the skin of the body was peeled off, and the fins and two gill arches with filaments attached were cut off from individuals.
These tissues were mounted on glass slides in glycerol-gelatin (Muto Pure Chemicals Co., Tokyo). Microspheres and TB-stained sites on the body were observed in detail under a light and a fluores cence microscope (BX-60, Olympus Co., Tokyo). Observation of the microscopic section of skin, fin and gill In the skin and fins, microspheres were located in the most superficial layer consisting of the swollen cells or edematous fine fibrous elements which stained faintly with toluidine blue (Fig. 2, 3 ). There was, however, no microsphere in the outer most layer deeply staining with toluidine blue. The faintly stained and swollen cells were occasionally accompanied by necrotic changes with karyopiknosis and karyorrhexis. Such regions with microspheres were regarded as having microscopic injury, because of the superficial loss of the epidermis, and also the dermis in some points. Microspheres were frequently observed in the swollen superficial epithelial cells of injured tissues in both the skin and fins (Fig. 2) , sometimes in damaged dermal tissues. Note microspheres (arrows) on the surface of the wounds affected with necrosis (arrow heads). Bar = 50 pm Injuries observed in the fins were especially common at the most distal portion, sometimes accompanied by a tis sue cleft between fin rays In the skin, there was desquamation or loss of the lining cells composing the inner surface of the scale pocket, which resulted in a loss of the scale and the exposure of the scale pocket, or scales remained in the stratum luxum of the dermis (Fig  3) No lesions were observed in the stratum com pactum In the case of the gills, a cluster of micro spheres was connected with the clump of mucus and debris lodged between the gill lamellae (Fig 4) Artificial wounds
On the surface of artificial wounds in the skin and fins, cells were swollen and fibrous elements were edematous that both stained faintly with toluidine blue, as in natural wounds This was accompanied by necro sis, cellular debris and bleeding Microspheres were observed in these tissues and tended to predominate in the wounded spot (Fig 5) Electron microscopic observation of skin and fin tissue It was confirmed by electron microscopy that the cells faintly staining with toluidine blue in the skin and fins swelled They were electron-lucent and most were filament-containing epithelial cells characterized by the localization of the superficial epithelial layer and the 6 7 presence of both tonofilaments and desmosome conjunctions These cells lacked microndges, cell membranes and cuticular secretions, and most cellular organelles, such as mitochondria and rough endoplas mic reticulum, appeared to be broken Consequently the tonofilaments were exposed, and microspheres which had an oval shape and measuring approximately 1 0 x 0 7 pm in size adhered to these tonofilaments (Fig  6) In rare cases, bacterial cell-like microorganisms were also present on tonofilments Beneath these swollen filament-containing epithelial cells were migrat ing epithelial cells, characterized by their elongated shape and large intercellular space surrounded by cell membranes and desmosome conjunctions
In the case of fibrous elements, which were observed in light micros copy, a breakdown of collagenous matrixes with elec tron-lucent features was observed, lacking the cuticular secretion (Fig 7) Microspheres adhered to these col lagenous matrixes Discussion Our light and electron microscopic observations revealed (i) that microspheres in the skin and fins adhered predominantly on the surface of the microscopic injury that stained with trypan blue, and (iu) that microspheres adhered greatly to the superficial epithelial cells and collagenous matrixes lacking the cuticular secretion These findings are significant because it is the first time that the location of adhering particles has These findings suggested that inert particles are able to adhere to the surface of skin and fins, but only if the tissues are abraded. This is sup ported by the experiment of artificial wounds in the present fish, where microspheres adhered only to the surface of the wounded lesion and not on health sites. Turnbull et al. (1996) reported that many fine wounds occur in the fins of cultured fish, and less fre quently in wild fish. We suspect that the natural micro scopic injuries in our experimental fish were induced by biting or abrading each other, sometimes due to hitting the aquarium wall or to handling.
In the second case, both mucous film and the cuticular secretion are important barriers preventing the adherence of particles, such as microspheres, to the fish body surface. According to Trust (1986) , Wood et al. (1986) , Speare et al. (1991) and Suzuki and Yokote (1995) , the mucous film plays an important role in pre venting particles from attaching. Although mucous cells decrease in the wounded portion, the mucous coat flows over the whole surface of the fish body (Hickey, 1982; Bereiter-Hahn, 1986; Roubal and Bullock, 1988; Speare and Mirsalimi, 1992) . Additionally, we conclude that microspheres adhere to the microscopically injured sur faces because of a loss of the cuticular secretion rather than of the mucous film. It is worth noting that superfi cial epithelial cells are covered with cuticular secretion (Whitear, 1970) and that microridges increase the area of the cell membrane by fusion of secretory vesicles (Whitear, 1990 ) under normal conditions. Since a lack of cuticular secretion allows microspheres to adhere to the microscopic injuries, cuticular secretion could prevent suspended particles from adhering to the epidermis.
Our results support the conclusion of Crouse-Eisnor et al. (1985) , in which cuticle overlying the Malpighian cells prevented the firm attachment and colonization of experimentally wounded goldfish skin by aquatic bacteria.
On the gills, no cells stained with trypan blue and the aggregation of microspheres in mucus and debris could be found lodged gill lamellae. Some investigators have observed suspended particles to be trapped in gill mucus (Moore et al., 1998; Zapata et al., 1987) . Gill tis sues differ in morphology from those of the skin and fins, and are composed of complicated folding filaments and lamellae. We suspect that such complex structure has a strong tendency to trap particles suspended in the water column.
Many investigators have noted that injuries are among the main sites of bacterial adherence on the skin and fins of fish (Schneider and Nicholson, 1980; Crouse -Eisnor et al., 1985; Ventura and Grizzle, 1987; Speare and Mirsalimi, 1992; Turnbull et al., 1996; Svendsen and Bogwald, 1997) . Various bacteria recognize a specific receptor on the host cell and these bacteria adhere actively (Hultgren et al., 1993; Bliska et al., 1993; Watarai et al, 1995) . The precise mechanism of their adherence to the body surface in fish is as yet unknown. The result of our experiment clearly indi cates that superficial microscopic injuries on the integu ment must be induced frequently in cultured fish, and infectious agents in the surrounding water could possibly be entered through the injury.
